Vulnerability to tobacco dependence is heightened during adolescence [1] . Several factors are associated with increased risk of adolescent smoking, including low socioeconomic status, peer smoking, parental smoking, risk taking, and comorbid psychopathology [1] . Psychopathologies associated with adolescent smoking include anxiety disorders, depressive disorders, conduct disorders and attention-deficit hyperactivity disorder (ADHD) [2] .
ADHD is a developmental neurobehavioral disorder characterized by excessive levels of hyperactivity, inattention, and impulsivity [3] , and is a risk factor for tobacco use and dependence [4] .
The prevalence of cigarette smoking among adolescents and adults with ADHD is nearly double that of their non-diagnosed peers [5] [6] [7] . Adolescent smokers with ADHD first experiment with tobacco and progress to regular use at a younger age than non-ADHD adolescent smokers [8] . Furthermore, adolescent smokers with ADHD are more likely to become tobacco dependent and to continue smoking into adulthood than non-ADHD adolescent smokers [5, 7, 8] . Once dependent, individuals with ADHD have greater difficulty quitting and exhibit more severe withdrawal symptoms than non-ADHD smokers [9, 10] .
The subjective experience of smoking and in the motivational factors that contribute to smoking appear to covary with ADHD status [11, 12] . Specifically, smokers with ADHD report that smoking is more calming, reinforcing, and provides greater cognitive enhancement; they also report greater satisfaction and liking of cigarette puffs [12] . Smokers with ADHD report experiencing smoking-related cues more frequently than non-ADHD smokers, which may indicate that those cues acquire greater motivational or attentional salience for ADHD-smokers [11] . These studies suggest that ADHD is linked to a heightened sensitivity to smoking-related reward and smoking-related cues.
The present study experimentally tested this hypothesis using an animal model of ADHD, the spontaneously hypertensive rat (SHR).
The SHR is the most validated animal model of ADHD, displaying symptoms of inattentiveness [13] , impulsivity [14] , and hyperactivity [15, 16] . These symptoms have been established by comparing SHR behavior against the behavior of its progenitor control, the Wistar Kyoto (WKY) rat [17] . Thus, inferences regarding ADHD-related behaviors drawn from SHRs ideally require comparison to the WKY reference strain. Prior studies have shown that SHRs self-administer nicotine at a higher rate than many other rat strains, including the WKY [18] . The present study aimed at providing converging evidence of heightened sensitivity to the rewarding effects of nicotine in SHR using the conditioned place preference procedure (CPP), a Pavlovian measure of conditioned drug reward [19] . Thus, nicotine-induced locomotion and preference for a nicotine-paired context served as measures of sensitivity to nicotine [20, 21] .
Ninety-two experimentally naïve adolescent male spontaneously hypertensive rats (SHR/NCrl;
Charles River Laboratories, US; n =44) and Wistar Kyoto rats (WKY/NHsd; Harlan Laboratories, US; n = 48) were used. SHR weights ranged from 57-83 g and WKY weights ranged from 56-87 g upon relative to the center door on one side were broken, in that order, followed by the occlusion of the same beams on the alternate side but in the opposite order. After a rat was considered to have switched sides, the recording of amount of time spent on the newly occupied side commenced.
Nicotine hydrochloride tartrate (Sigma, St. Louis, MO, USA) was dissolved in saline (0.9% NaCl) and adjusted to a pH of 7.2. Both nicotine and saline were administered subcutaneously (s.c.)
in a volume of 1 ml/kg. Nicotine doses (0.0 (saline), 0.1, 0.3, and 0.6 mg/kg) were expressed as the freebase weight. Doses were chosen based upon previous studies showing that they supported nicotine CPP in adolescent male rats [19] .
The CPP procedure consisted of four phases: acclimation, baseline, conditioning, and test.
During acclimation (Day 1; PND 29), rats were placed in the CPP chamber with the guillotine door raised and allowed to explore both compartments for 20 min. Rats were initially placed randomly on either the left or right side, with half of each treatment group placed on either side. Two acclimation sessions were conducted on Day 1, separated by 4 h; rats were placed back in their home cage and returned to the colony room between acclimation sessions. During the second acclimation session, rats were placed on the side opposite of where they were initially placed for the first acclimation Difference scores (time spent on the non-preferred side during test minus time spent on the non-preferred side during baseline) were calculated for each animal. Nicotine CPP was defined as difference scores that were significantly greater for the groups receiving nicotine injections than for the group receiving saline throughout conditioning. Because an independent t-test conducted on pretest data revealed a significant strain effect in time spent in the Nicotine-Paired compartment (t (42) = 3.18, p = 0.003; Figure 1 ), difference scores were analyzed separately for each strain in order to ensure that baseline differences did not interfere with the ability to detect positive results. Dunnett's multiple comparisons tests [21] were implemented to compare difference scores for all groups within each strain.
SHR rats in the 0.6 mg/kg group had significantly greater difference scores than SHRs receiving saline (p = 0.036) (Figure 1 ), indicating that SHRs developed nicotine CPP to the highest dose tested. In contrast, WKYs did not demonstrate nicotine CPP at any dose tested (all p's > 0.05).
These CPP data should be interpreted with caution. Difference scores, which were the primary measure of CPP, are directly affected by pre-test compartment biases, which differed significantly between strains. SHRs and WKYs that received saline spent nearly the same amount of time in the Nicotine-Paired compartment during test (582 s and 589 s, respectively), yet WKY difference scores were 2.5 times greater than SHR difference scores, because of strain differences in baseline time spent in the Nicotine-Paired compartment. WKYs receiving nicotine also demonstrated a strong baseline compartment bias, which interfered with the interpretation of results by reducing confidence that increases in time spent in the Nicotine-Paired compartment were drug-induced and not due to a regression-to-the-mean effect. Because the SHRs showed a lower baseline compartment bias, regression-to-the-mean interpretations were less of a concern for this strain.
In WKYs, the lowest nicotine dose (0.1 mg/kg) induced the largest difference scores and the largest amount of time spent in the Nicotine-Paired compartment during post-test of any group tested.
Although this evidence suggests that WKYs are sensitive to the incentive properties of a low nicotine dose, difference scores were not significantly greater than those produced by saline (p > 0.05). These findings are consistent with previous investigations showing that WKY rats do not develop nicotine CPP [22] . Saline-Paired compartments) increased significantly for both strains between conditioning days 1 and 2, for SHRs this increase was selective to rats exposed to nicotine. Because the effect of conditioning day on locomotion was not specific to the Nicotine-Paired compartment or to the WKY rats that were exposed to nicotine, the change in WKY locomotion across days may reflect acclimation to conditioning contexts. In contrast, the selective effect of conditioning day on nicotine-exposed SHR rats suggests the strengthening of a nicotine-context association that may have partially generalized across contexts.
This study replicates strain effects in the locomotor behavior of adolescent rats, and suggests that SHRs display enhanced nicotine-induced place preference and locomotion. These results are consistent with a heightened responsiveness to the rewarding properties of nicotine in an animal model of ADHD, thus indicating a potential model for ADHD-related increased prevalence of tobacco use and dependence. This interpretation of the data is also consistent with reports from clinical cases [11, 12] and self-administration data from SHR rats [18] . Nonetheless, this interpretation should be considered preliminary. Differences in baseline place preference and locomotion between strains may have contributed to differences in nicotine effects. It is also likely that pseudo-conditioning to saline obscured nicotine-induced place preference in WKYs. Finally, CPP performance is not solely dependent on the rewarding properties of the drug; for instance, place preference may be confounded with other behavior induced by the context-drug association [24] . In short, although the present results suggest that an animal model of ADHD shows an enhanced responsiveness to nicotine, further confidence in such inference requires converging evidence from other behavioral paradigms, as well as other animal models of ADHD. 
